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GENERAL~ODUCTION 
The glaciated prairie region of north-central and northwestern Iowa once contained a 3-
million-ha prairie-marsh complex, but since settlement, 95% of the area's wetlands has 
been lost (Bishop 1981). Wetland loss has also been great elsewhere in the Prairie Pothole 
Region, contributing to regional declines of breeding populations of ducks (Batt et al. 
1989) and other water bird species (U.S. Fish Wildl. Servo 1987). To recover some of 
this lost habitat, federal and state agencies, and private organizations have been restoring 
large numbers of drained basins since the middle 1980's, mostly on private agricultural 
land (e.g., Madsen 1988). In Iowa, most restorations have taken place since 1987 
(Washburn 1991, Iowa Dep. Nat. Resour., unpubl. data) . 
.. /' Because large-scale restoration efforts are so recent, little information on the biotic 
recovery of restored prairie wetlands exists. LaGrange and Dinsmore (1989) surveyed 4 
Story County, Iowa wetlands that were inadvertently restored 2-4 years previously and 
found a total of 11 bird species, 18 aquatic invertebrate taxa, and 45 wetland plant species. 
Sewell (1989) studied 156 restored wetlands in eastern South Dakota and western 
Minnesota, and found extensive use by breeding waterfowl, colonization by 31 aquatic 
invertebrate taxa, and establishment of wetland vegetation as early as the first year 
following restoration. 
+- These studies demonstrate that restored prairie potholes recover a variety of typical 
wetland plants and animals soon after restoration, but how they might differ from natural 
wetlands apparently has not been examined. An implicit goal of restoration is the return of 
former wetlands to conditions typical of natural wetlands. Therefore, comparisons 
between the biotic communities of restored and natural wetlands can help determine the 
"success" of restoration. My objectives were to (1) collect baseline data on the breeding 
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bird and aquatic macroinvertebrate taxa present at restored Iowa wetlands 2-3 years 
following restoration; (2) compare the breeding bird and aquatic macroinvertebrate 
communities of restored Iowa prairie wetlands to those of natural wetlands; and (3) 
compare the nest success of common bird species between the 2 wetland types. 
Explanation of Thesis Format 
This thesis follows the guidelines for the alternate format These two papers have each 
been written with the intent for submission to separate journals for publication. The flrst is 
a comparison of the breeding bird communities between restored and natural wetlands, and 
the second compares the aquatic macroinvertebrate communities between the two wetland 
types. Phil Delphey helped to design the study, carried out most of the fleld work, and is 
the principal author of the papers. James J. Dinsmore conceived the study idea, assisted in 
its completion by advising and securing funding for Phil Delphey, and edited these papers. 
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SECTION I. A COMPARISON OF THE BREEDING BIRD COMMUNITIES 
BETWEEN RESTORED AND 'NA ruRAL' IOWA PRAIRIE 
WEfLANDS 
4 
ABSTRACT 
I compared the species richness and abundances of breeding birds, and the nest 
success of yellow-headed blackbirds (Xanthocephalus xanthocephalus) between recently 
restored and 'natural' prairie wetlands in northern Iowa. I studied 4 natural and 7 
restored wetlands in 1989, and 7 natural and 11 restored wetlands in 1990. During 5 
visits to each wetland I recorded all species present and counted birds detected within 2-5 
fixed-radius circular plots. In 1990 the abundance of breeding ducks was determined by 
counting all pairs present, regardless of their positions relative to the circular plots. I 
found 22 species breeding at restored wetlands. In both years natural wetlands averaged 
about 3 more breeding species than restored wetlands, but both the species richness and 
abundance of breeding ducks were similar between wetland types. Some non-waterfowl 
species, however, especially common yellowthroats (Geothlypis trichas), marsh wrens 
(Cistothorus palustris), and red-winged blackbirds (Agelaius phoeniceus), were less 
abundant at restored wetlands, apparently because of the relatively simple vegetation 
structure, and the lack of well developed wet-meadow zones at restored wetlands. 
Yellow-headed blackbirds readily colonized restored wetlands as long as sufficient 
nesting substrates (i.e., robust emergent vegetation) and standing water were present; in 
1990 they nested at 6 of II restored sites, and their nest success was not different 
between wetland types. Evidently, restored Iowa prairie wetlands require more than 3 
years to recover the attributes necessary to sustain a wetland bird community as diverse 
as their never-drained counterparts. These results should help guide the planning and 
evaluation of prairie wetland restorations. 
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INTRODUCTION 
North-central and northwestern Iowa once contained a vast prairie-marsh complex 
covering more than 3 million ha (Fig. 1), but about 95% of this area's wetlands has been 
lost since settlement (Bishop 1981). Losses elsewhere in the Prairie Pothole Region also 
have been great; at least 6.4 million ha of prairie wetlands in North and South Dakota and 
Minnesota have been drained (Tiner 1984). This tremendous regional loss of wetlands, 
along with the destruction of associated upland habitat, threatens the productivity of 
several North American waterfowl species (Batt et al. 1989) and other bird species which 
nest in wetlands (U.S. Fish Wildl. Servo 1987). For this reason, and because of the 
heightened public awareness of wetlands' other biological, aesthetic, and functional 
values, efforts to restore drained prairie wetlands increased dramatically in the 1980' S. In 
Iowa, 338 basins were restored on private land, and 150 basins were either restored or 
enhanced on public land between 1987 and 1990. Most of these restorations are of 
relatively small basins (><=1.4 ha) which were previously drained by tile and planted to 
either corn or soybeans (L. Gladfelter, pers. comm.). 
The primary goal of these restorations is to provide habitat for breeding waterfowl 
(e.g., Iowa Dep. Nat. Resour. Wildl. Bur. 1988). Nevertheless, several other bird species 
use Iowa wetlands for nesting, during migration, or both (Weller 1979). Because wetland 
"restoration" implies returning a basin to its "former, normal, or unimpaired state or 
condition" (Lewis 1989), it implicitly includes the recovery of a typical wetland bird 
community. Therefore, formerly drained prairie wetlands in Iowa are only truly 
"restored" if they are used by communities of birds similar to those at 'normal' (natural) 
wetlands. Comparing restored wetlands to natural wetlands is the only option for 
determining restoration "success" (i.e., in the absence of other criteria) in Iowa, because 
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Fig. 1. The extent of the Prairie Pothole Region into Iowa. 
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(1) data concerning the pre-drainage bird use of restorable basins are rarely available, and 
(2) Iowa's avifauna has been considerably impoverished since settlement (Dinsmore 
1981). 
My objectives were (1) to collect baseline data on the species richness and abundance 
of breeding birds at restored Iowa wetlands 2-3 years following restoration; (2) to 
compare the breeding bird communities of restored wetlands to those of natural wetlands; 
and (3) to compare the nest success of common bird species between the 2 wetland types. 
Hereafter, my use of the word "restored" implies only the recovery of a formerly drained 
basin' s ability to hold water, and not, necessarily, to the recovery of other wetland 
attributes (e.g., hydrophytes). This definition is considerably less stringent than the one 
described above, and only includes the first, albeit basic, step towards complete 
restoration. 
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STUDY AREA 
I studied 11 restored and 7 natural wetlands in 5 north-central and northwestern Iowa 
counties (Appendix A, Fig. 2). These counties contain 68% of the prairie pothole 
wetlands restored in Iowa in 1987 and 1988 (L. Gladfelter, Iowa Dep. Nat. Resour.. 
unpubl. data), and lie within Iowa's glaciated prairie region (Fig. 1). Wetlands were 
restored by modifying drainage tile to allow standing water to accumulate and persist in 
the formerly drained basins. (For more information on prairie pothole restoration 
procedures see Galatowitsch and van der Valk, in press). Beyond the initial recovery of a 
basin's ability to retain water, its ecological recovery was natural. That is, no plants or 
animals were seeded, transplanted, or stocked. 
Drought conditions prevailed in the study area from 1987 to 1989; the average 
precipitation at 4 recording stations spread over the study area (Fig. 2) was 3, 14, and 33 
cm below normal in 1987,1988, and 1989, respectively (U.S. Dep. Commerce 1987, 
1988, 1989). Therefore, many restored and natural wetland basins were dry or nearly dry 
during the spring and summer of both study years. Average precipitation in 1990 at the 4 
recording stations (Fig. 2) was 6 cm above normal through 1 July, but water levels were 
still low due to the lingering effects of the drought. Zenner et al. (1990) surveyed 137 
and 228 restored prairie wetlands in 1989 and 1990, respectively, and found that about 
50% lacked standing water in June of each year, and many more were less than half-full. 
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Figure 2. The distribution of study areas in 5 northern Iowa counties. The dots show the 
locations of the recording stations from which precipitation data were taken. 
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METHODS 
Study Site Selection 
In 1989 and 1990 I selected 7 and 11 restored wetlands, respectively, which met all of 
the following criteria: (1) restored 2 or 3 years before the study (all 1989 sites were 
restored in 1987; in 1990 I added 1 1987 and 3 1988 restored sites); (2) at least half-
covered with standing water in mid-May; and (3) completely drained prior to restoration. 
Criterion (3) was confirmed by interviewing landowners and Iowa Department of Natural 
Resources personnel. The restored wetlands I studied had been drained for an average of 
35.5 years (range 15-50 years, Appendix A). Landowner interviews revealed that all had 
been planted to either corn or soybeans prior to restoration. 
I chose natural wetlands which were (1) similar in size to available restored areas; (2) 
not grazed; (3) never drained; and (4) filled with ponded water as required for restored 
wetlands. I confirmed criterion (3) by interviewing landowners and Iowa Dep. Nat. 
Resour. personnel. One natural wetland (N-3, Appendix A), however, was apparently 
partly drained about 15 years before my study. This drainage, however, was not 
complete, lasted for only 1-2 years, and had no apparent effect on the wetland's ecology 
at the time of my study_ I studied 4 and 7 natural sites in 1989 and 1990, respectively 
(Appendix A). 
Because both a prairie wetland's size and its proximity to other wetlands influence its 
bird species richness (Brown and Dinsmore 1986), I attempted to select natural wetlands 
which were similar in these aspects to the restored sites. In both years the average sizes 
and size ranges of restored and natural wetlands were similar (Table I). 
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Table 1. Areas and numbers of restored and natural wetlands studied in 1989 and 1990 
in northern Iowa. 
Wetland Type 
Restored 
Natural 
1989 
N X size (ha) 
7 2.2 
4 2.1 
range (ha) 
1.2-3.3 
1.2-3.0 
N 
11 
7 
1990 
X size (ha) 
2.2 
2.2 
Assessment of Bird Community Compositions 
range (ha) 
0.9-3.9 
1.2-4.3 
Each wetland was visited between 0600 and 1000 hours 5 times between 19 May and 
13 July 1989 and between 20 May and 17 July 1990 to assess the composition of its 
breeding bird community. During each visit, all birds detected during 8-minute counts 
within 2-5 fixed radius (I8-m) circular plots were recorded. Species detected only 
outside of plots either during plot counts or while walking between plots were recorded 
as present, but were not enumerated. Neumann (1986) found this method reliable in 
determining the breeding species richness of Iowa prairie wetlands, even compared to 
intensive searches of entire marshes. Males only of2 species, red-winged blackbird l and 
yellow-headed blackbird, were counted in 1989 (both sexes were counted in 1990). In 
1990 all waterfowl pairs seen during sampling visits were counted regardless of their 
position relative to the circular plots; I considered lone males and males in groups of ~5 
to represent breeding pairs. 
During minutes 3-4 and 6-7 of each count, I played recordings of sora, Virginia rail, 
least bittern, and American bittern calls to elicit responses from these secretive species. 
Two I-minute continuous "loop" tapes were used with sora and Virginia rail calls on one 
tape and the bitterns on the other. Each tape consisted of 30 seconds of continuous calls 
of each species. 
Sampling plots were located at each wetland in the following manner. I placed the 
first plot on an imaginary line along a randomly chosen compass direction relative to the 
1 Scientific names of birds which nested at ~l wetland are in Table 2, and all others are in Appendix B. 
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wetland's center. I then placed additional plots around the wetland so the distances 
between plots were approximately equal and ~60 m. The radial position of each plot 
depended on the nature of the wetland vegetation. When a distinct band of emergent 
vegetation was present, the plot was placed in the middle of this band. When emergent 
vegetation extended to the wetland center, the plot was placed halfway between the 
wetland's center and its outer boundary (i.e., the outer extent of the wet-meadow zone or 
the high-water mark). If no distinct emergent vegetation zone was present on the line on 
which a plot was to be placed, the plot was positioned so its perimeter would correspond 
to the apparent high-water mark. The latter was only necessary at restored wetlands. 
Determination of Breeding Species Richness 
Because the nests of many wetland bird species are difficult to find, I used the relative 
frequency of sampling visits during which these species were present to determine their 
breeding status at each wetland. I considered soras and Virginia rails breeders if 
individuals were detected at a wetland during both of the first two sampling visits (see 
Johnson and Dinsmore 1986). Other bird species were considered as breeding at a 
wetland if adults were present during ~4 of 5 sampling visits. When a nest was found, 
these criteria were unnecessary. The nests or eggs (cowbirds) of only 4 species, red-
winged blackbird, yellow-headed blackbird, marsh wren, and brown-headed cowbird, 
were commonly observed. I considered ducks (Anatinae) as breeders if ~ I pair or 
indicated pair (see above) was present during ~2 of the 5 sampling visits to a wetland. 
Nesting Groups 
For comparisons of breeding species richness (the mean number of species breeding at 
each wetland type), I divided the birds into 2 groups: (1) upland-nesting waterfowl 
(UNW); and (2) wetland-nesting species (WNS). The rationale for this separation lies in 
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the manner in which the members of each group use prairie wetlands for breeding. UNW 
usually nest in uplands and use wetlands for feeding, brood-rearing, and other activities 
(Sowls 1955). The WNS group includes species which usually or exclusively nest in 
wetlands and some predominantly upland or grassland species which occasionaHy nest in 
dry parts of wetlands (e.g., Hubbard 1982). I counted Canada geese as WNS because 
they usually nest within wetlands in Iowa (Nigus and Dinsmore 1980, pers. obs.), and all 
Canada goose nests on my study areas were either on muskrat (Ondatra zibethicus) 
lodges (all nests at natural wetlands) or on an artificial island (at 1 restored wetland). 
Although mallards are predominantly upland-nesters (Sowls 1955), I placed them in the 
WNS group at 2 wetlands because in each case they nested within the wetland: once on 
an artificial nest structure at a restored wetland and once on a sedge (Carex stricta) 
hummock at a natural wetland. At all other wetlands at which they were present during 
~2 sampling visits, I placed mallards in the UNW group. 
Determinations of Nesting Success 
Each wetland was searched for nests by walking through the emergent and wet-
meadow vegetation in a zigzag manner and visually scanning the vegetation for nests and 
flushing birds. Wetlands were searched every 4 days in 1989 and every 7 days in 1990, 
and the entire wetland was covered during each search. Nests were marked with a lO-cm 
piece of survey flagging tied to vegetation about 3 m away. Each nest was checked 
during subsequent searches (every 4 days in 1989 and every 7 days in 1990) until failure 
or apparent success. The number of eggs and nestlings, the type of supporting vegetation, 
and the presence or absence of brown-headed cowbird eggs were recorded during each 
visit. 
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Vegetation Sampling 
I assessed the structural and vegetation composition of each wetland in 1989 by 
estimating the coverage of several vegetation and structural classes using a non-
overlapping system within 1-m2 quadrats. The quadrats were placed at 3-m intervals 
along 2 transects at each wetland. I situated the transects by running the first through the 
wetland center at a random compass direction, and the second perpendicular to the first. 
In each case the transects ran across the wetland, connecting the outer boundaries of the 
low-prairie (Stewart and Kantrud 1971) zones or the high-water lines. The transition 
from wet-meadow to low-prairie vegetation was usually marked by a clear change from 
predominantly sedge (Carex spp.- wet meadow zone) to a zone dominated by forbs (e.g., 
Solidago spp.) and grasses or just grasses. At restored wetlands, the high water line was 
marked by a transition from (1) standing water to upland grasses (e.g., switchgrass, 
Panicum virgatum); (2) mudflat or dead upland vegetation apparently killed by 
waterlogged soils to live upland vegetation; or (3) live emergent vegetation (e.g., river 
bulrush, Scirpus fluviatilis) to upland vegetation. I also measured the water depth in 
every fifth quadrat (i.e., every 15 m). I sampled averages of 92.1 and 114 quadrats per 
restored and natural wetland, respectively. Sampling was done from 8-19 June 1989. In 
1990, vegetation assessment was limited to detailed cover maps. 
Analyses 
I used Fisher's exact test for independence to examine differences in the proportions 
of restored and natural wetlands at which each species bred. This test is more suitable 
than chi-square tests when ~l cell value is <lor when >20% are <5 (Zar 1984:65). I 
used the Mann-Whitney U Test to compare the species richnesses, and the average plot 
counts and average relative frequencies of presence for each species between the 2 
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wetland types. I used this non-parametric test because of the small sample sizes and 
frequent zero values. 
Because almost all of the nests discovered were those of red-winged and yeIlow-
headed blackbirds, I computed and analyzed daily nest survivabilities (Mayfield 1975) 
using the" program MICROMORT (Heisey and Fuller 1985) for those 2 species only. 
assumed incubation periods of 11 and 12 days for redwings and yellowheads, 
respectively, and nestling periods of 11 days for both species (Fautin 1941, Case and 
Hewitt 1963, Young 1963, Willson 1966). I considered nests successful if nestlings were 
present at least 8 days after hatching. To compare nest survival rates between wetland 
types, I calculated standard scores (2 values). 
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RESULTS 
Bird Species Richness 
Restored vs. natural wetlands 
Twenty-two species nested on ~1 study site during either 1989 or 1990 (Table 2). The 
mean breeding species richness was greater at natural wetlands during both year~ (Table 
3). This was largely (1989) or exclusively (1990) due to the larger number of WNS 
breeding at natural wetlands (Table 3). In both years the mean numbers of UNW species 
present as breeders were nearly identical (Table 3). 
Only 4 species nested at a greater proportion (P < 0.05) of natural wetlands than 
restored wetlands in either year (Table 2). They were brown-headed cowbirds and 
common yellow throats in both years, swamp sparrows in 1989, and marsh wrens in 1990. 
Brown-headed cowbirds were rarely seen at wetlands, but their eggs in red-winged 
blackbird nests disclosed their presence as breeders. Cowbirds parasitized 13.3 % (16 of 
120) and 12.7% (24 of 189) of the red-winged blackbird nests found at natural wetlands 
in 1989 and 1990, respectively, and none of the 34 redwing nests found at restored 
wetlands in both years. This difference is significant when results of both years are 
pooled (G2=8.9, 1 df, P =0.(03). 
No species nested at a significantly greater proportion of restored wetlands than 
natural wetlands in either year (Table 2). Mallard, blue-winged teal, and red-winged 
blackbird were the most ubiquitous species, and each nested at ~70% of both wetland 
types in both years. Of the 9 species that bred at ~ 1 restored wetland and at no natural 
wetlands in 1990,4 were UNW, 1 was a floating-platform nester (pied-billed grebe). I 
was a ground-nesting wetland edge species (spotted sandpiper), and 3 were grassland-
nesting passerines (Table 2). None of these species. however. nested at a significantly 
greater proportion of restored wetlands. 
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Table 3. Mean breeding species richness (species/wetland) of upland-nesting waterfowl 
(UNW), wetland-nesting species (WNS), and total species nesting at restored 
and natural wetlands in northern Iowa, 1989 and 1990. 
Species Group 
UNW 
WNS 
Total Species 
a NS=P>O.1. 
Abundance Comparisons 
Restored 
(0=7) 
1.9 
1.7 
3.6 
1989 
Natural 
(0=4) P>U 
2.0 Nsa 
5.3 <0.02 
7.3 0.01 
1990 
Restored Natural 
(n=lI) (0=7) P>U 
2.3 2.3 NS 
3.1 6.3 <0.01 
5.4 8.6 <0.05 
Three species' mean circular plot counts were greater (P < 0.05) at natural wetlands in 
each study year (Tables 4 and 5): marsh wrens in 1990, swamp sparrows in 1989, and 
red-winged blackbirds and common yellowthroats in both years. Of these species. only 
the red-winged blackbird did not nest at a significantly greater proportion of natural 
wetlands in either year (Table 2). Therefore, although breeding red-winged blackbirds 
were widespread, they were more abundant at natural wetlands. The mean number of all 
birds (i.e., regardless of species) detected within plots also was greater at natural wetlands 
than restored wetlands in both years (Tables 4 and 5). 
Killdeer was the only species whose mean circular plot counts were higher at restored 
wetlands than natural wetlands, and this was so during both years (Tables 4 and 5). 
Killdeer probably never nested at any of the wetlands. but rather used them only for 
feeding and social activity. 
For 5 species, the mean circular plot counts did not differ between wetland types. but 
either their relative frequency of detection within plots or the percentage of sampling 
visits at which they were present, inside or outside of plots (Tables 6 and 7), indicated 
their greater use of one wetland type. Neither mean plot counts nor frequencies of 
detection within plots differed significantly between wetland types for swamp sparrows. 
American goldfinches. or Virginia rails. but each species was present at natural wetlands 
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Table 4. Mean number of birds detected per 10 circular plots (radius=18 m) during 8-minute 
counts at restored and natural wetlands in northern Iowa, 1989. Differences were 
examined using the Mann-Whitney U Test. 
Restored {n=7~ Natural in=4~ 
Species X range X range 
Mallard 1.4 0-7 0.3 0-1.3 
Blue-winged teal 0.4 0-2 0.3 0-1.3 
Wood duck <0.1 0-0.4 0.2 0-0.8 
Virginia rail 0 1.0 0-3.4 
Sora 0 0.4 0-1 
American coot 0 0.1 0-0.5 
Killdeera* 2.9 0-6 0 
Pectoral sandpiper <0.1 0-0.5 0 
Spotted sandpiper 0.3 0-1.8 0 
Eastern kingbird <0.1 0-0.7 0 
Marsh wren 1.3 0-9 3.3 0.5-8.7 
Sedge wren 0.3 0-1 0.1 0-0.5 
Brown thrasher 0 0.1 0-0.5 
American robin 0.5 0-2 0 
Cedar waxwing 0 0.1 0-0.5 
, Common yellowthroat** 0.4 0-1.2 4.4 1.4-7 
Yellow-headed blackbird 1.6 0-9.5 4.5 0-8.8 
Red-winged blackbird** 5.0 1.7-7 13.6 8.8-21 
Common grackle 2.0 0-5 2.2 0-7.5 
Brown-headed cowbird 0.3 0-2 0 
American goldfinch 0.1 0-1 0.5 0-1.2 
Dickcissel 0.7 0-5 0.3 0-1.3 
Swamp sparrow* 0.5 0-3.2 5.2 2.3-10.8 
Song sparrow 0.6 0-2 0.3 0-1.3 
Grasshopper sparrow 0.7 0-3 0 
Vesper sparrow 0.3 0-2 0 
ALL BIRDS * 19.5 9-32.7 37.1 31.3-43.3 
a See Appendix B for scientific names of birds not given in the text or tables. 
* 0.05 > P > 0.02 
** P=O.OI 
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Table 5. Mean number of birds detected per 10 circular plots (radius=18 m) during 8-minute 
counts at restored and natural wetlands in northern Iowa, 1990. Differences were 
examined using the Mann-Whitney U Test. 
Restored ~ n= 11 ~ Natural ~n=7) 
Species X range X range 
Pied-billed grebe <0.1 0-0.7 0 
American bittern 0 0.1 0-1 
Virginia rail <0.1 0-0.4 0.5 0-1.5 
Sora <0.1 0-1 <0.1 0-0.7 
American coot 0.7 0-4.7 0.5 0-3 
Killdeer* 3.4 0-10.5 0 
Lesser yellowlegs <0.1 0-1 0 
Mourning dove <0.1 0-0.4 0 
Marsh wren *** 3.4 0-16.0 15.1 4.7-24.3 
Sedge wren 2.3 0-11.3 1.1 0-4.0 
American robin 0.4 0-3.0 0 
Yellow-rumped warbler 0.1 0-1.3 0 
Common yellowthroat**** 1.2 0-5.0 5.8 3.0-8.0 
Bobolink 0.5 0-5.0 0 
Western meadowlark 0.1 0-0.7 0 
Yellow-headed blackbird (m)a 9.9 0-35.0 19.3 2-41.0 
Yellow-headed blackbird (t)b 8.4 0-28.7 16.2 4-38.8 
Red-winged blackbird (m)** 3.9 0-10.0 12.2 3-16.7 
Red-winged blackbird (t)*** 1.5 0-3.3 4.8 2.3-8.0 
Common grackle 3.0 0-10.7 0.6 0-4.0 
American goldfinch 0 0.2 0-1.3 
Dickcissel 0.1 0-1.3 0 
Savannah sparrow 0.5 0-3.8 0.1 0-1.0 
Swamp sparrow 1.5 0-5.0 2.6 0-6.0 
Song sparrow 1.6 0-8.7 0.4 0-1.0 
Grasshopper sparrow 1.1 0-3.0 0 
ALLBIRDS* 42.5 19.0-78.0 74.9 34.0-119.0 
am=males 
b f=females 
* 0.05 > P > 0.02 
** <0.005 
*** <0.002 
**** <0.001 
22 
Table 6. The mean relative frequency (%) of sampling visits during which each species 
was detected at 4 restored and 7 natural wetlands in northern Iowa, 1989. 
Restored Natural 
Species X ranl!e X range 
Canada goose 9 0-20 20 0-40 
Mallard 60 20-80 45 20-60 
Blue-winged teal 63 20-100 60 40-80 
Northern shoveler 10 0-60 5 0-20 
Wood duck 10 0-40 25 0-80 
Black-crowned night heron 0 10 0-20 
Virginia rail 0 35 0-100 
Sora 3 0-20 15 0-20 
American coot 0 5 0-20 
Killdeer*** 83 60-100 20 0-60 
Lesser yellowlegs 9 0-20 0 
Spotted sandpiper 6 0-20 0 
Pectoral sandpiper 6 0-20 0 
Forster's tern 0 5 0-20 
Belted kingfisher 3 0-20 0 
Eastern kingbird 3 0-20 5 0-20 
Bam swallow 57 20-80 50 20-80 
Cliff swallow 26 0-60 10 0-40 
Tree swallow 43 0-80 20 0-60 
Marsh wren 17 0-100 50 20-100 
Sedge wren 6 0-20 25 0-80 
American robin* 26 0-60 0 
Common yellowthroat**** 37 0-80 100 all 
Bobolink 3 0-20 0 
Yellow-headed blackbird 34 0-100 80 60-100 
Red-winged blackbird 94 80-100 100 all 
Common grackle 43 20-60 45 0-100 
Brown-headed cowbird 9 0-40 5 0-20 
American goldfinch 6 0-20 20 0-40 
Dickcissel 23 0-60 20 0-40 
Savannah sparrow 3 0-20 0 
Swamp sparrow*** 11 0-80 95 80-100 
Song sparrow 17 0-40 25 0-40 
Grasshopper sparrow 14 0-40 0 
* Mann-WhitneyU Test; 0.05 > P> 0.02 
** 0.02> P > 0.01 
*** P=O.02 
**** P=O.Ol 
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Table 7. The mean relative frequency (%) of sampling visits during which each species 
was detected at 11 restored and 7 natural wetlands in northern Iowa, 1990. 
Restored Natural 
Species X range X range 
Eared grebe 2 0-20 0 
Pied-billed grebe 7 0-60 0 
Canada goose 13 0-40 23 0-40 
Mallard 71 20-100 51 40-100 
Blue-winged teal 63 20-100 63 40-100 
Northern pintail 4 0-40 0 
Northern shoveler 8 0-40 6 0-20 
Gadwall 6 0-40 3 0-20 
Green-winged teal 13 0-100 0 
Wood duck 21 0-100 26 0-60 
Redhead 12 0-60 0 
Ruddy duck 3 0-20 0 
Ring-necked pheasant 2 0-20 0 
Great egret 0 3 0-20 
Great blue heron 2 0-20 0 
Green-backed heron 2 0-20 . 0 
Least bittern 6 0-40 9 0-40 
American bittern 0 6 0-20 
Virginia rail* 2 0-20 23 0-60 
Sora 6 0-40 17 0-40 
American coot 16 0-80 37 0-100 
Killdeer* 57 20-100 23 0-60 
Lesser yellowlegs 8 0-20 0 
Spotted sandpiper 2 0-20 0 
Long-billed dowitcher 2 0-20 0 
Wilson's phalarope 2 0-20 0 
Pectoral sandpiper 2 0-20 0 
Ring-billed gull 6 0-40 0 
Forster's tern 0 5 0-20 
Mourning dove 6 0-40 9 0-40 
Black-billed cuckoo 0 3 0-20 
Chimney swift 4 0-40 0 
Willow flycatcher 0 3 0-20 
Eastern kingbird 0 3 0-20 
Barn swallow 67 40-100 46 20-80 
Cliff swallow 9 0-40 0 
Tree swallow 21 0-60 20 0-60 
Marsh wren ** 33 0-100 100 all 
Sedge wren 37 0-80 23 0-60 
American robin 11 0-60 6 0-20 
Yellow warbler 0 3 0-20 
Yellow-romped warbler 2 0-20 3 0-20 
Common yellowthroat*** 50 0-100 100 all 
Bobolink 14 0-80 3 0-20 
Yellow-headed blackbird 74 0-100 94 60-100 
* Mann-Whitney U Test; 0.05 > P > 0.02 
** P<0.005 
*** P<O.OOI 
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Table 7. (cont.) 
Restored Natural 
Species X range X range 
Red-winged blackbird 86 20-100 97 80-100 
Common grackle 37 0-80 20 0-80 
Brown-headed cowbird 2 0-20 6 0-20 
Northern oriole 0 3 0-20 
American goldfinch* 2 0-20 20 0-40 
Dickcissel 14 0-80 0 
Savannah sparrow 8 0-20 0 
Swamp sparrow* 35 0-80 74 40-100 
Song sparrow 35 0-60 34 0-60 
Grasshopper sparrow* 25 0-60 0 
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during a greater proportion (P < 0.05) of sampling visits in 1990 (Table 7). American 
robins and grasshopper sparrows were present more often at restored than at natural 
wetlands in 1989 and 1990, respectively (Tables 6 and 7). 
Yellow-headed blackbirds I found no significant differences in the use of the 2 
wetland types by yellow-headed blackbirds in either year (Tables 2-7). In 1990, the mean 
number of males per plot at natural wetlands was about twice that for restored wetlands, 
but the high variability among natural wetlands, and the small sample sizes apparently 
precluded statistical significance (Table 5). When I only considered data from wetlands 
at which yellowheads actually nested in 1990, the mean numbers of males/plot were even 
closer between wetland types 6<Rest.=1.7, XNat.=2.2). In 1990, I also compared the 
average number of active yellowhead nests during 9 7-day periods (20 May-21 July) 
between wetland types. The number of active nests per wetland was not significantly 
different during any of these periods (P> 0.1), and the temporal patterns of nest activity 
were similar (Fig. 3). The mean nesting date based on the average numbers of active 
nests during each period was 17 June for yellowheads at both wetland types. 
Furthermore, in 1990 the sex ratios (male:female) of yellow heads, calculated from the 
average plot counts for each sex, were similar between restored (1.2 ~ 0.2) (X:!:. SE) and 
natural (1.3 ~ 0.2) wetlands. (This is only an index to the actual sex ratios because male 
yellowheads are more conspicuous than females in nesting areas, pers. obs.) 
Shorebirds Migrating sandpipers and phalaropes (Scolopacidae) were never 
observed at the natural wetlands during bird-sampling visits in either year, whereas at 
restored wetlands they were detected at 4 of 7 sites in 1989, and at 6 of 11 in 1990. 
Although these differences are not statistically significant (P > 0.1, Fisher's exact test), 
additional observations of migrating shorebirds outside of bird-sampling visits. and at 
restored wetlands not included in my study, suggest a difference in their use of the 2 
26 
20 
10 
0 
;»-. ;»-. 4) 4) 4) 
c<S c<S C C C 
::e ~ ::::I ::::I ::::I ..... ..... 
~ <:> '<CJ ~ <:> 
C'I ....... C'I 
Period midpoint 
4) 
C 
::::I 
..... 
r-
C'I 
• Restored 
o Natural 
;»-. 
:; 
..... 
~ 
;»-. ~ :; ::::I 
..... ..... 
-
QC) 
-
Fig. 3. Mean number (!: I SE) of active (i.e., ~ I egg or nestling) yel1ow-headed 
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periods in northern Iowa, 1990. 
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wetland types. The species observed, besides unidentified peep sandpiper"s (Calidris 
spp.), are listed in Tables 6 and 7. 
Waterfowl Counts 
I found no differences in the use of restored and natural wetlands by breeding 
waterfowl or by non-breeding Canada geese. The 1990 mean duck pair counts were not 
different between wetland types for any species (Table 8). The mean pair count for 
mallards at restored wetlands was twice as high as at natural wetlands (Table 8), but this 
difference was not significant (U =55.5, P>O.I). Average total duck pairs and average 
total dabbler (Anatini) pairs also were not different (Table 8). In addition, the average 
number of Canada geese seen per visit at restored wetlands (X=: 1.0 .:!: 0.56) (x.:!: 1 SE) was 
not different than that for natural wetlands (X=: 1.2 ± 0.45). Many of these geese were not 
breeding birds. Although their status was often difficult to determine, they were usually 
in flocks of ~6. Breeding Canada geese were enumerated simply by counting nests 
(Table 2). 
Although I made a concerted effort to count all waterfowl broods during bird-
sampling visits in 1990, it is likely that many broods were hidden in emergent vegetation 
and thus escaped observation. Because dense emergent vegetation was more prevalent 
among natural wetlands, brood visibility was likely different between wetland types. 
Therefore, the use of brood counts to compare brood-use between the wetland types was 
not valid. Broods of 4 species of waterfowl were observed at restored wetlands in 1989 
or 1990 (Appendix C). 
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Table 8. Mean number of duck pairs at restored and natural wetlands in northern Iowa, 
1990. No differences between wetland types were significant.a 
Restored !n=ll) Natural !n=7) 
Species X range X range 
Blue-winged teal 1.9 0-7.4 l.6 0.8-2.8 
Mallard 2.6 0.2-9.4 0.9 0.2-3.4 
Northern shoveler 0.1 0-0.4 0.1 0-0.4 
Green-winged teal 0.2 0-1.4 0 
Northern pintail 0.1 0-0.6 0 
Gadwall < 0.1 0-0.2 0 
Wood duck 0.5 0-3.4 0.7 0-2 
Redhead 0.4 0-3.6 0 
Ruddy duck <0.1 0-0.2 0 
Total duck pairs 5.9 0.6-25.8 3.3 1.4-5.6 
Total dabbler pairs 5.4 0.6-22.2 3.3 1.4-5.6 
a Mann-Whitney U Test; P>O.1 for all comparisons between wetland types. 
Vegetation 
The mean coverage estimates of several vegetation and structural classes differed 
between wetland types (Table 9). Floating-leaved plants (e.g., Lemna spp., Potamogeton 
spp.), weak emergents (e.g., Alisma plantago-aquatica), sedge (Carex spp.), and total 
emergents all had greater coverage at natural wetlands (Table 9). The average coverage 
of forbs was not different between wetland types (Table 9), but I found forbs within a 
greater proportion of quadrats at natural wetlands (Table 10). Sedges, which were 
relatively common at natural wetlands, were never present in quadrats at restored 
wetlands (Table 10). Sedges are key components of wet-meadow zones, and at natural 
wetlands were present in quadrats with various grasses and forbs (e.g., Solidago spp.). 
their typical associates in wet-meadow zones (Kantrud et al. 1989). 
Mudflat was the only structural class with greater coverage at restored wetlands than 
natural wetlands, although the difference in the mean coverage of water approached 
significance. Both the mean water depths (X= 15.7 cm at natural wetlands, X= 16.3 em at 
restored wetlands) and the relative frequency of occurrence of standing water within 
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Table 9. Mean coverage (%) within quadrats of different vegetation and physiognomic 
classes at 7 restored and 4 natural wetlands in northern Iowa, 1989. 
Estimates were made within I-m2 quadrats at 3-m intervals along transects. 
Class 
Live cattail (Typha spp.) 
Standing dead cattail 
NTREa 
Residual NTRE 
Total emergentsb* 
Carex sp.** 
Weak emergentsc* 
Grass 
Forb 
Roating leaved** 
Algae 
Dead terrestriald 
Litter 
Mudflat* 
Water 
* Mann-Whitney U Test; P=O.05 
** P=O.Ol 
Restored Natural 
X rat11!e X rat1!!e 
0.1 0-0.3 4 0-7 
o 6 0-16 
5 0-33 17 0.1-37 
0.2 0-1 2 0-5 
5.3 0-35 29 20-40 
o 6 4-8 
0.2 0-0.8 8 0.3-26 
9 1-19 5 2-12 
5 1-9 8 4-13 
o 2 1-4 
7 0-27 5 0-12 
1 0-4 0 
20 8-30 17 
7 1-20 1 
45 15-76 21 
8-30 
0-3 
11-30 
a non-Typha robust emergent vegetation- includes bulrush (Sciqms spp.) and giant bur-reed 
(Sparganium eurycamum). 
b includes live and standing dead cattail, NTRE and residual NTRE. but not weak emergents. 
C includes water plantain (Alisma plantago-aquatica). Jive smartweOO Polygonum spp .• and other 
emergent vegetation which I found too weak to provide adequate nesting support for hirds with 
elevated nests (e.g., yellow-headed blackbirds). 
d non-wetland vegetation killed by flooding of formerly drained basin. 
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Table 10. Mean relative frequency (%) of occurrence of vegetation and physiognomic 
classes within quadrats at 7 restored and 4 natural wetlands in northern 
Iowa, 1989. See Table 9 for explanations of classes. Comparisons were 
made using the Mann-Whitney U Test. 
Restored Natural 
Class X range X ranoe 
Residual cattail (Typha sp.) 0 26 O-l6 
Live cattail 2 0-10 25 0-59 
NTRE 11 0-70 36 10-61 
Residual NTRE 3 0-24 8 0-31 
Carex sp.*** 0 21 12-29 
Weak Emergents** 3 0-14 23 9-51 
Grass 18 11-33 14 7-24 
Forb * 18 6-42 34 26-44 
Floating Leaved*** 1 0-4 16 7-24 
Algae 18 0-57 18 3-29 
Dead Terrestrial 5 0-30 0 
Litter 44 21-71 55 47-76 
Tree 0 1 0-2 
Mudflat** 17 5-32 2 0-7 
Water 57 43-77 47 39-54 
* P=O.05 
** 0.05 > P> 0.02 
*** P=O.Ol 
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quadrats (Table 10) were similar between wetland types in 1989, suggesting that there 
was little difference in the water volumes of the 2 wetland types in 1989. In 1990, mean 
water depths were again not different between wetland types (X=33 cm at restored 
wetlands, x=36 cm at natural wetlands). 
Trees, defined as woody vegetation >2m tall. were present in the wet-meadow zones 
of all 4 natural wetlands studied in 1989, and at 5 of 7 natural wetlands in 1990. They 
were found, however, at only 1 of 7 restored wetlands in 1989 and 2 of 11 in 1990. These 
differences were significant both years (Fisher's exact test. 2 tailed; 1989: P=O.05; 1990: 
P=D.015). 
Red-winged and yellow-headed blackbird nesting success 
Intraspecific comparisons of nest survival rates (Mayfield 1975) between wetland 
types were possible only for yellow-headed blackbirds in 1990. Nests of other species, 
and yellowhead nests in 1989, were found in inadequate numbers «14) at restored or 
both wetland types for such comparisons. The daily survival rate of yeIIowhead nests 
during incubation was higher at restored than at natural wetlands in 1990 when data 
within wetland types were pooled (Z =2.11, P=O.03~ Table 11). The pooled probability of 
yellow head nests surviving both the incubation and nestling periods (interval survival 
rate) was also higher at restored wetlands (Z =2.2, P=O.03, Table 11). Daily survival rates 
during the nestling period, however, were not different between wetland types (2 =0.86, P 
=0.39, Table 11). These pooled comparisons, however, may not be valid because both 
the daily survival rates during incubation and the interval survival rates differed 
significantly between some restored wetlands (P < 0.05, Table 12). Therefore, a 
statistical test which incorporates the variation among wetlands within groups is more 
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Table 11. Pooled daily (s ) and interval (S ) survival rates, and apparent success (#nests 
successfull# nests observed) of yellow-headed blackbird nests in northern Iowa, 
1989 and 1990. Different letters within columns signify significant differences 
(p' < 0.05). Unpooled means of apparent success include only wetlands with 
~14 nests (4 restored and 4 natural). 
Year and wetland type 
1989 
Restored 
Natural 
1990 
Restored 
Natural 
Mayfield success 
sa s 
(Incubation) (Nestling) 
0.950A 
0.924B 
0.88 
0.964A 
0.951A 
sa 
0.07 
0.364A 
0.223B 
Appart!nt sucCt!ss 
Pooled X 
0.37A 
0.28A 
Overall X (SE) 
0.33 (0.10) 
0.31 (0.05) 
a pooling may cause misleading results ~ause of differences (P < 0.05) among restored wetlands-
see text. 
h too few nests (or wetlands in the case of unpooled apparent success) to t!stimate paramt!ter. 
C zero of 6 nests were successful. 
d 3 of 37 nests were successful. 
Table 12. Yellow-headed blackbird nests' daily survival rates during the incubation and 
nestling periods and their probabilities of surviving both the incubation and 
nestling periods at restored and natural wetlands in northern Iowa, 1990. 
Includes only wetlands with at least 10 nests. 
Incubation Nestling SEan 
Wetland No.a s SD s SD S SD 
N-l b 20 0.945 0.019 0.935 0.028 0.244 0.099 
N-3 14 0.938 0.024 0.875 0.117 0.107 0.161 
N-4 10 0.959 0.029 0.964 0.020 0.405 0.172 
N-7 51 0.912 0.014 0.957 0.021 0.205 0.063 
R-IC 26 0.822 0.033 0.944 0.054 0.050 0.040 
R-5 45 0.985 0.006 0.970 0.010 0.600 0.080 
R-6 18 0.968 0.016 0.930 0.030 0.304 0.124 
R-ll 24 0.956 0.014 0.966 0.017 0.400 0.102 
a No. of nests for which exposure days were deterrnint!d. 
h N=natural wetland. 
C R=restored wetland. 
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appropriate. Such comparisons between wetland types, using the rates shown in Table 12 
and the Mann-Whitney U Test, were not significant (P>0.2 in both cases). 
Apparent success (# successful nests/# nests observed) may be more appropriate than 
Mayfield rates for comparing yellow-headed blackbird nest success because yellow head 
nests are relatively conspicuous (pers. observ.), and are subject to catastrophic mortality 
from severe storms. The former ensures that experienced observers miss few nests 
(depending on the frequency of nest searches), and the latter may violate Mayfield's 
assumption of constant mortality (Johnson and Shaffer 1990). The apparent success rates 
of yellowheads in 1990 were not different between wetland types when nests from all 
wetlands of each type were pooled (Table 11, G2=1.7, 1 df, P=0.2), and when the means 
of apparent success rates from wetlands with ~ 14 nests were compared (P > 0.1). The 
former estimates are close to the Mayfield estimates of nest survivability for the entire 
nesting period mentioned above, but both estimates are higher than the Mayfield 
estimates. Nest success at natural wetlands was very low for yellowheads in 1989 (Table 
11); in addition, 30 of the 37 nests whose fates I could determine at natural wetlands were 
at 1 site. 
I found too few redwing nests at restored wetlands to make meaningful comparisons 
of nest success between wetland types. At natural wetlands, daily nest survival rates were 
0.91 (n =59) and 0.95 (n =15) for the incubation and nestling periods, respectively in 
1989, and 0.92 (n =41) and 0.91 (n =20) for the two periods in 1990. Zero of 6, and 0 of 
12 of the redwing nests observed at restored wetlands were successful in 1989 and 1990, 
respectively. Eighteen percent of the observed redwing nests were successful at natural 
wetlands in both years of the study (1989, n= 110; 1990, n=40). 
Nest Substrates I noted no difference in the types of nest substrates used by 
yellowheads between natural and restored wetlands in 1990. Substrate use appeared to 
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depend on the availability of cattail, river bulrush, and "roundstem" bulrush (i.e., Scirpus 
validus or S. acutus) and varied greatly among wetlands (Table 13). 
Table 13. The ranges of the relative frequencies (%) of various vegetation types used as 
nest substrates by yellow-headed blackbirds among 4 restored and 4 natural 
wetlands in northern Iowa, 1990. Includes only data from wetlands with ~21 
nests. 
Wetland type 
Natural 
Restored 
cattail 
0-83 
0-49 
river bulrush 
0-78 
2-69 
a includes Sciqms validtt<; and S. acutus. 
"roundstem~a 
bulrush 
0-99 
0-61 
giant 
bur-reed 
o 
0-19 
arrowhead 
(Sa&ittaria sp.) 
o 
0-6 
sedge 
(Carex ~l}P.) 
o 
0-6 
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DISCUSSION 
My results indicate that both species richness and the abundance of some bird species 
are lower on recently restored Iowa prairie wetlands than on natural wetlands. My 
conclusions only apply to relatively small (0.9-4.5 ha) prairie wetlands, 2-3 years after 
restoration. Furthermore, because of the dynamic nature of prairie wetlands' biota 
(Weller and Spatcher 1965, Weller 1978), my results must also be considered in light of 
the drought which occurred during the year prior to and during the first year of my study. 
The compositions of the bird communities at the natural wetlands and the recovery of the 
restored wetlands might have been different if normal or above-normal precipitation had 
fallen during those 2 years. 
The relatively low habitat diversity of the restored wetlands seemed to be the main 
factor limiting their bird-speciesricnness. Prairie wetlands exhibit little vertical habitat 
heterogeneity (Burger 1985), and the number of horizontally stratified vegetation zones 
roughly determines the number of ways in which bird species can partition a wetland 
(Fig. 4) (Weller 1978, Kantrud and Stewart 1984, Burger 1985). Normally. the number 
of zones varies from 1 to 5, depending on a wetland's water permanence and elevation 
gradient (Stewart and Kantrud 1971). 
Although my criteria for study site selection did not include a specific wetland class. 
the wetlands I studied would fall into Stewart and Kantrud's (1971) "semi-permanent" 
category (although it was difficult to classify some of the restored wetlands because of 
the lack of definitive vegetation zones). Semi-permanent wetlands typically have 4 
zones: (1) deep marsh; (2) shallow marsh; (3) wet meadow; and (4) low-prairie. each with 
distinct plant species and structures (Stewart and Kantrud 1971). The deep-marsh zones 
of2 natural wetlands in 1989 and 3 in 1990 were absent or poorly developed (i.e .• sparse 
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Marsh wren 
Yellow-headed hlackhinI 
Red-winged blackbinI 
Conmlon yellowthroat 
Swamp sparrow 
Blue-winged teal Sora 
Bobolink Virginia rail American coot 
Meadowlark 
Upland Grasses Low-prairie Wet-rreadow Emergent Marsh (Cattails. bulrush) 
Fig. 4. Schematic of the habitat use patterns of several bird species which nest in and 
around Iowa prairie wetlands. Adapted from Weller and Spatcher 1965. 
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stems or open water). Otherwise, all 4 vegetation zones were present at natural wetlands 
in both years. None of the restored wetlands had distinct wet-meadow zones. In 
addition, the low-prairie zones at natural wetlands were composed of a mixture of forbs 
(e.g., Solidago spp., Aster spp.) and grasses, whereas at restored wetlands this zone was 
usually dominated by "conservation crops" (e.g., switchgrass) which were sown after the 
land was retired from crop production. Thus low-prairie zones, as described by Stewart 
and Kantrud (1971), were also absent from restored wetlands. 
The absence of wet-meadow and low-prairie zones at restored wetlands was probably 
the main reason for their lower use by common yellowthroats and swamp sparrows. Both 
my observations in this study and anecdotal information from studies at other prairie 
wetlands (Stewart 1975, Kantrud and Stewart 1984) and wetlands outside of the Prairie 
Pothole Region (Willson 1967, Weatherbee 1968, Picman 1988) indicate these species' 
preferences for wet-meadow habitat when nesting in wetlands. Other studies of restored 
wetlands do not explicitly describe the occurrence of wet-meadow zones. LaGrange and 
Dinsmore (1989) studied 4 Iowa wetlands which had been unintentionally restored by tile 
malfunction and above-normal precipitation. Sedges (Carex spp. or Juncus spp.). 
indicators of wet-meadow zones (Stewart and Kantrud 1971. Weller 1978, Kantrud et al. 
1989), were present at only 2 of the 4 wetlands, and they found common yellow throats at 
only 1 wetland, and swamp sparrows at none. Sewell (1989) found Carex spp. and 
slough grass (Beckmannia syzigachne), another wet-meadow species (Stewart and 
Kantrud 1971), each at only 23% of26 2- and 3-year-old restored wetlands in western 
Minnesota and eastern South Dakota. The recovery of wet-meadow zones at restored 
wetlands may require more intervention by wetland managers than that needed for other 
wetland components (S. Galatowitsch. pers. comm.). 
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Yellow-headed blackbirds appeared to accept both restored and natural wetlands as 
nesting habitats, as long as a sufficient amount of deep marsh vegetation was present. 
The quick recovery of the deep marsh zone at some restored wetlands, and its absence at 
. some natural wetlands accounts for the lack of significant differences between wetland 
types in both yellowhead plot counts (Tables 4 and 5) and in the proportions of wetlands 
at which they nested (Table 2). The small number of wetlands studied, however, greatly 
limits the power of these statistical comparisons. Therefore, one should not accept the 
null hypothesis of no difference in the relative use of restored and natural wetlands by 
breeding yellow heads. Nevertheless, the similar sex ratios and temporal nesting patterns 
of yeUowhead populations at restored and natural wetlands (Fig. 3) suggests that their 
qualitative use of the 2 wetland types was similar. 
The comparison of yellowhead nest success between wetland types in 1990 was 
equivocal. Although the pooled daily survival rate and the pooled probability of nests 
surviving the entire nest period were higher at restored wetlands, pooling was likely 
misleading due to the differences between some of the restored sites (Table 12). 
Other than the absence or low numbers of marsh wrens at some restored sites, there 
was no apparent reason why either wetland type would be any better for nesting 
yellow heads. Three general factors probably have the greatest effect on yellowhead nest 
success: nest substrate, predation, and food availability. Nest substrate use varied greatly 
within each wetland type and appeared to depend on the relative availability of a few 
robust emergents (Table 13). Causes of nest mortality were usually unclear, and I cannot 
judge the relative importance of predation and starvation. Emerging damselflies appear 
to be preferred food items when they are available to yellowheads in Iowa (Voigts 1973), 
and there appeared to be no difference in the presence of damselfly larvae or any other 
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aquatic invertebrate taxa commonly fed to yellowhead nestlings (e.g., Chironomidae) 
between wetland types (Section II). 
Marsh wrens frequently destroy yellow head eggs and nestlings (Verner 1975), and 
yellowhead nests at wetlands which lack nesting marsh wrens may be more likely to 
succeed. The restored wetland which had the lowest yellow head nest success (R-l, Table 
12) did have the highest number of marsh wrens per plot (1.6), but at R-5, the wetland 
with the highest nest success (Table 12), marsh wrens also were abundant (1.1 per plot). 
Wetlands R-6 and R-ll lacked nesting marsh wrens. 
Two species which depend on flooded deep-marsh vegetation for nest sites, American 
coot and pied-billed grebe, nested at only 2 natural and 1 restored wetland, respectively, 
in 1990. In 1989, coots nested at only 1 natural wetland. Low interspersion of open 
water and emergent vegetation and low water levels (Kantrud 1985) probably 
discouraged coots, and low water and small wetland sizes (Brown and Dinsmore 1986) 
likely kept pied-billed grebes from nesting at more of the study sites. The regional 
drought may also have contributed to these species' rarity during 1989 and 1990. 
In addition to low habitat diversity, interspecific territoriality may have contributed to 
the relatively low species richness at restored wetlands. Yellow heads, redwings, and 
marsh wrens are spatially segregated when nesting on the same wetland (Miller 1968, 
Verner and Engelsen 1970, Robertson 1972, Burger 1985). Their common preference for 
nest sites over relatively deep water and away from the marsh perimeter (Wel1er and 
Spatcher 1965, Miller 1968, Minock and Watson 1983, Bump 1986, Leonard and Picman 
1986), and marsh wrens' propensities for breaking yellowheads' and redwings' eggs 
(Picman 1977, 1984) result in interspecific territoriality among these 3 species. When all 
3 species are present, marsh wrens and redwings usually nest in the drier, peripheral area 
of the wetland, because yellowheads exclude them from the central, more preferred areas 
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(Leonard and Picman 1986). Therefore, alternative sites away from the wetland center 
allow the coexistence of the 3 species at the same wetland. This was the case at all 6 
natural wetlands at which yellowheads nested. In 1990, however, marsh wrens nested at 
only 2 of the 6 restored wetlands at which yellowheads nested, and although redwings 
nested at almost all sites in both years, they were more abundant at natural wetlands 
(Table 4). Presumably, alternative sites for marsh wrens and redwings were either less 
available or less suitable at restored wetlands. At natural wetlands, redwings usually 
nested in mixed stands of live and standing dead cattail surrounding the deep-marsh 
zones. 
Marsh wrens may have nested in some restored wetlands after they were last visited in 
1990 (i.e., after 17 July, see Kent 1952). At this time few yellowheadonests remained and 
it appeared that all yellowhead nesting activity would soon cease. Leonard and Picman 
(1986) found that marsh wrens expanded their territories into former yellow head 
territories after the latter completed nesting and left a Manitoba wetland. In their study, 
however, nesting marsh wrens were present in peripheral areas prior to the departure of 
the yellow heads, whereas at some of the restored wetlands which I studied marsh wrens 
were either absent or uncommon when yellowheads were present 
As have others, I found that breeding ducks used restored wetlands at least as much as 
natural wetlands (Dornfield 1988, Zenner et al. 1990). Apparently, restored wetlands 
provide sufficient resources for breeding ducks as long as water and nearby nesting cover 
are also present This is not surprising given the rapid re-colonization of restored 
wetlands by several aquatic invertebrate taxa (see Section II, Sewell 1989. LaGrange and 
Dinsmore 1989), and the strong pioneering tendencies of blue-winged teal and mallards 
(Johnson and Grier 1988), the 2 most common species in this study (Tables 2 and 8). 
Zenner and LaGrange (1989) counted breeding pairs on 88 restored wetlands in northern 
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Iowa in 1989 and found 2.7, 1.4, and 4.6 mallard, blue-winged teal, and total dabbler 
pairs, respectively, per hectare of water. These means are similar to those found in my 
study in 1990, when I adjusted my results for approximate surface water area (mallard: 
><=2.6; blue-winged teal: ><=1.3, total dabblers: ><=4.4). (Their study included 9 of the 
wetlands I studied). Domfield (1988) gives average total pair counts of 2.5 and 1.7 per 
wetland hectare for restored and natural, undrained wetlands, respectively, in Minnesota. 
He fails to explain the methods used or the size of the wetlands studied, so comparisons 
with my results must be made with caution. 
Considering only wetlands less than 5 ha, my observations suggest that migrating 
shorebirds make greater use of recently restored wetlands, which have not yet been 
densely revegetated, than natural wetlands. Most shorebird species that migrate through 
Iowa prefer to forage in wetland areas with <25% vegetation coverage, and either on 
mudflats or in water <18 cm deep (Helmers et al. 1990). Mudflat and sparsely vegetated 
shallows were abundant at some restored wetlands, but rare or nonexistent at the natural 
wetlands I studied. In addition, invertebrates commonly consumed by migrant shorebirds 
in the prairie region (i.e., fly and beetle larvae, Hauge 1987, Eldridge 1987, Helmers et al. 
1990) were common at the restored wetlands (Section II). Because the differences I 
observed were not statistically significant, and because my sampling period missed most 
of the shorebird migration, these observations are meant only as suggestions for future 
study and not as definitive statements. 
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CONCLUSIONS 
Small restored wetlands in Iowa do not support as diverse a bird community within 2 
to 3 years of restoration as do similar-sized natural wetlands. This is apparently due to 
the incomplete development of all the vegetation zones that are typical of semipermanent 
prairie wetlands, especially wet-meadow and low-prairie zones. Interspecific territoriality 
between yellow-headed blackbirds and marsh wrens, and yellowheads and red-winged 
blackbirds, may have also played a role in the relatively low species richness of restored 
wetlands. 
It is important to note that the results of my study may have been different had 1988 
and 1989 not been drought years. For example. the number of species nesting at natural 
wetlands may have been greater had water levels been higher. especially in 1989. when 
the drought effects were more severe than in 1990. In addition, the pattern of wetland use 
by breeding waterfowl would likely have been different had not about 50% of northern 
Iowa's prairie wetlands been dry in 1989 and 1990. During drought years. breeding 
ducks must concentrate on relatively few available wetlands. thus pair counts are higher 
on those wetlands (Fleskes 1986). Furthermore, higher water levels at restored wetlands 
would have decreased the available foraging habitat for migrating shorebirds. Therefore. 
my findings must be confirmed by studies conducted during periods of normal and above-
normal precipitation, when water levels are higher and more wetlands contain ponded 
water than during my study. 
The use of restored prairie wetlands by breeding waterfowl appears to at least equal 
that of natural wetlands. Therefore. wetland restoration in the prairie pothole region 
appears to be a successful tool for waterfowl managers who wish to increase the breeding 
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populations of waterfowl in this region. Without adequate water supplies, however. these 
restored wetlands are of little use to waterfowl. 
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SECTION II. A COMPARISON OF THE AQUATIC MACROINVERTEBRA TE 
COMMUNITIES OF RESTORED AND 'NATURAL' lOW A PRAIRIE 
WETLANDS 
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ABSTRACf 
I compared the relative frequencies of occurrence of several aquatic macro invertebrate 
taxa and the number of taxa present between restored and natural Iowa prairie wetlands. I 
sampled 5 natural and 6 restored wetlands once each in 1989, and 8 natural and 12 restored 
wetlands during 2 periods in 1990. Invertebrates were collected by taking lateral sweeps of 
the water column, grazing the net along the substrate. I found a significantly greater 
number of taxa at natural wetlands during the early period in 1990 (20.4 vs. 14.4), but 
during the late period this difference was smaller and not significant Seventeen taxa, 
including several which are important food items of waterfowl and other birds on prairie 
wetlands, were present in ~50% of the restored wetlands during either the late or early 
periods in 1990, or both; a few (e.g., mayflies, Ca11ibaetis spp.) occurred in more restored 
than natural wetlands during either period in 1990. Several taxa, however, principally non-
insects such as crayfish (Qrconectes immunis) and clam shrimps (Conchostraca), were 
present in a greater proportion of natural wetlands. Some taxa with poor dispersal abilities 
may require artificial introduction into restored wetlands if their presence is desired within 2 
or 3 years of restoration. 
" 
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INTRODUCTION 
Restoration of prairie potholes is widely used as a means of increasing habitat for 
breeding waterfowl and other wildlife. Several factors must be considered when restoring 
prairie wetlands to enhance their value to breeding waterfowl: (1) the quality and quantity 
of upland (dabbling ducks) and over-water (diving ducks) nesting cover; (2) hydrology 
(e.g., water depth and permanence); (3) revegetation dynamics; and (4) invertebrate re-
colonization. 
For several waterfowl species, aquatic invertebrates provide important dietary calcium 
and protein to hens during egg formation (Krapu 1979, 1981) and to ducklings for growth 
(Murkin and Batt 1987, Swanson and Duebbert 1989). Aquatic invertebrates also 
constitute a high proportion of the diets of other birds which use Iowa prairie wetlands 
during migration or for breeding, including shorebirds (Charadriiformes, Eldridge 1987, 
Hauge 1987, Helmers et al. 1990), Virginia rails (Rallus limicola, Horak 1970), juvenile 
soras (Porzana carolina, Kaufmann 1989), and several species of songbirds (e.g., marsh 
wrens, Cistothorus palustris, Gutzwiller and Anderson 1987, and yellow-headed 
blackbirds, Xanthocephalus xanthocephalus, Voigts 1973). Therefore, complete 
restoration of prairie wetlands as bird habitat must include re-colonization by aquatic 
invertebrates. I conducted this study to further our understanding of this re-colonization 
process, and its potential implications for wetland birds. 
To my knowledge, only two studies have considered aquatic invertebrates in recently 
restored prairie wetlands. Neither, however, compared restored wetlands to natural 
wetlands. In central Iowa. laGrange and Dinsmore (1989) found 18 aquatic invertebrate 
taxa in three wetlands that were inadvertently restored by tile malfunction and above-normal 
precipitation. Sewell (1989) studied wetlands in western Minnesota and northeastern 
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South Dakota that had been restored for 2-7 years. Over his 2-year study, he found 
cumulative totals of21 and 24 taxa at 2- and 3-year-old restored wetlands (Il =9 for each), 
respectively. 
My objectives were to (1) compare the number of aquatic macroinvertebrate taxa at 
restored wetlands to that found at natural wetlands, and (2) compare the frequencies of 
occurrence of individual taxa between restored and natural wetlands. 
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ME11IODS 
I sampled aquatic invertebrates by taking l-m lateral sweeps with an aquatic "D-shaped 
net" with I-mm mesh (Merritt et al. 1984) at 5 equal intervals along 1-3 transects at each 
wetland. During each sample, the net frame was dragged lightly across the wetland 
substrate. In this manner, both benthos and nektonic invertebrates were collected. The 
number of transects at a wetland depended on the water surface area, but was usually 2 (40 
of 46 cases). The flrst transect was placed at a random angle through the wetland center. 
and the others were placed at equal angles around the wetland (i.e .• when there were 2 
transects, they crossed at a 900 angle). The sampling locations along each transect were (1) 
where the water depth first reached 18 em (the approximate height of the net); (2) halfway 
between the ftrst site and the wetland's center; and (3) 1 m before the wetland center. The 
fourth and ftfth samples were taken the same as (1) and (2), but on the opposite side of the 
wetland center. I chose these locations to insure that, when present, diverse sections (e.g .. 
emergent marsh, open water, etc.) of each wetland were sampled systematically, limiting 
the bias that might have resulted if I had subjectively delineated microhabitats within 
wetlands and sampled them in a stratified design. Had I employed the latter method, more 
taxa may have been collected at wetlands with diverse habitats, but sampling methods 
would have been inconsistent among study sites because of the large differences in habitat 
diversity between some natural and some restored wetlands. 
The study area is as described in Section I, except in 1990 I additional natural wetland 
was sampled (Appendix A). Although this wetland was substantially larger than the other 
study sites, I included it in the analyses to increase sample sizes. and because its 
macroinvertebrate community was apparently not qualitatively different than those of the 
other natural wetlands, in terms of types and number of taxa In fact. more taxa were 
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collected at 4 of 8 natural wetlands sampled during the early sampling period in 1990. 
indicating that this wetland's aquatic invertebrate community was not necessarily more 
diverse because of its greater size. 
In 1989, samples were taken at 6 restored and 5 natural wetlands from 20 June to 3 
July. In 1990,9 restored and 8 natural wetlands were sampled from 23 May to 9 June. 
and 11 restored and 7 natural wetlands from 25 June to 16 July. I placed a I-mm mesh 
insert into the net prior to each sample, and then placed the collected material with the insert 
into a plastic bag. The portions of the samples retained by a sieve with 0.6 mm openings 
were preserved in 65% alcohol in 1989, and in FAA solution (Pennak 1989:607) in 1990. 
I used FAA solution in 1990 because I suspected that the alcohol caused oligochaetes to 
disintegrate in 1989. Unfortunately, the FAA solution softened snail shells. making some 
identifications difficult. It did not appear to have negative effects on any other taxa. 
I identified all individuals to family, except for seed shrimps (Subclass Ostracoda). 
clam shrimps (Order Conchostraca), spiders (Order Araneae), water mites (Suborder 
Trombidifonnes), and aquatic earthwonns (Order Oligochaeta). I used keys in Huggins et 
al. (1981), McCafferty (1981), Merritt and Cummins (1984), and Pennak (1989) to assist 
in identifications. I used Fisher's Exact Test to analyze 2x2 contingency tables of 
presence/absence for each taxa between wetland types, between early and late periods for 
each wetland type in 1990, and between years for restored wetlands. This test is preferred 
over chi-square when ~1 cell value is <5 (Zar 1984:65). To compare the number of taxa 
between wetland types, I used the Mann-WhitneyU Test because of the small sample sizes 
and the lack of assurance of normality. I used the Wilcoxon Paired Samples Test to 
compare the same wetlands between years. Because these non-parametric tests are based 
on relative ranks of values and do not necessarily incorporate the magnitudes of differences 
between 2 groups, and because t-tests are sometimes robust to non-normal data sets. I 
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confirmed each non-parametric test with a t-test; in all cases the results of the t-tests and 
their non-parametric analogs agreed with respect to the 0.05 probability level. 
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RESULTS 
Only 1 taxon, crayfish (Decapoda, Astacidae). was found at a significantly greater 
proportion of natural than restored wetlands in 1989 (Table 1). I sampled few wetlands. 
however. making it difficult to show statistical differences. 
I found several taxa at greater percentages of either restored or natural wetlands in 
1990. During the early sampling period. physid snails, seed shrimps (Ostracoda). aquatic 
sowbugs (Isopoda, Asellidae). and larval common skimmers (Odonata. Libellulidae) were 
in a greater proportion of samples from natural wetlands (PSO.05). and backswimmers 
(Hemiptera. Notonectidae) were present in a greater proportion of restored wetland samples 
(Table 2). Differences for 3 other taxa. crayfish. leafhoppers (Hemiptera. Cicadellidae). 
and larval soldier flies (Diptera, Stratiomyidae) were nearly significant (0.10 > P> 0.05). 
with a greater proportion of each being found in samples from natural wetlands (Table 2). 
DUring the later sampling period in 1990. I found 5 taxa. physid snails. clam shrimps. 
aquatic sowbugs. crayfish. and aquatic weevils (Coleoptera, Curculionidae) in a greater 
proportion (PSO.05) of natural wetland samples, and 2 taxa. scuds (Amphipoda) and 
mayfly larvae (Ephemeroptera. Baetidae) in a higher proportion of restored wetland 
samples (Table 3). In 1990, the occurrence of some taxa differed between the late and 
early sampling periods (Table 4). 
Culicidae (mosquitoes) was the only taxon found at a greater proportion of restored 
wetlands in 1989 or 1990. Of the 6 restored wetlands studied in 1989 and during the late 
period in 1990. ~1 mosquito larva was found at 5 in 1990. and zero in 1989. 
Comparisons of taxonomic richness--Samples from natural wetlands contained 
significantly more taxa than those from restored wetlands during the early period in 1990 
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Table 1. Numbers and percentages of natural and restored wetlands at which various aquatic 
macroinvertebrate taxa were found in sweep net samples in northern Iowa. 1989. 
Natural (n=5) Restored (n=6) 
Taxon No. % No. % 
Class Gastropoda (snails) 
Order Basommatophera 
Physidae 5 100 3 50 
Planorbidae 4 80 6 100 
Lymnaeidae 2 40 3 50 
Qass Oligochaeta (aquatic earthworms) 2 40 0 0 
Class Hirudinea 
Glossiphoniidae 20 1 17 
Erpobdellidae 1 20 0 0 
Class Arachnoidea 
Order Araneae (spiders) 20 17 
Order Acari 
Suborder Trombidiformes 3 60 2 33 
Class Crustacea 
Order Conchostraca 4 80 3 50 
Order Cladocera 
Daphnidae (Daphnia pulex) 2 40 4 67 
Order Amphipoda 20 3 50 
Order Isopoda 
Asellidae 3 60 0 0 
Order Decapoda 
A stacidae* 4 80 0 0 
Class Insecta 
Order Collembola 
Paduridae 20 0 0 
Order Ephemeroptera 
Caenidae 1 20 17 
Baetidae 2 40 4 67 
Order Odonata 
Suborder Anisoptera 
Aeshnidae 4 80 4 67 
Libellulidae 3 60 6 100 
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Table 1. (cont.) 
Natural (n=5) Restored (n=6) 
Taxon No. % No. % 
Suborder Zygoptera 
Coenagrionidae 2 40 1 17 
Lestidae 4 80 2 33 
Order Hemiptera 
Notonectidae 5 100 6 100 
Corixidae 5 100 6 100 
Belostomatidae 3 60 1 17 
Apbidae 4 80 2 33 
Pleidae I 20 17 
Hebridae 1 20 1 17 
Gerridae 1 20 17 
Saldidae 1 20 1 17 
Gelastocoridae 1 20 0 0 
Mesoveliidae 2 40 0 0 
Cicadellidae 0 0 I 17 
Order Coleoptera 
H ydrophilidae-adult 4 80 6 100 
H ydrophilidae-Iarvae 5 100 6 100 
Dytiscidae-adult 5 100 6 100 
·Dytiscidae-larvae 4 80 5 83 
Curculionidae-adult 2 40 1 17 
Curculionidae-Iarvae 2 40 0 0 
Haliplidae-adult 3 60 2 33 
Haliplidae-larvae 3 60 3 50 
Chrysomelidae-ad. 1 20 0 0 
Chrysomelidae-Iarvae 3 60 0 0 
Order Trichoptera 
Phryganeidae 0 0 17 
Hydroptilidae 0 0 17 
Order Lepidoptera 
Pyralidae 2 40 2 33 
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Table 1. (cont.) 
Natural (n=5) Restored (n=6) 
Taxon No. % No. 7c 
Order Diptera 
Chironomidae (midge) 5 100 6 100 
Stratiomyidae (soldierfly) 2 40 2 33 
Ceratopoganidae (biting midge) 3 60 I 17 
Chaoboridae 0 0 17 
Ephydridae I 20 1 17 
Psychodidae 0 0 1 17 
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Table 2. Numbers and percentages of natural and restored wetlands in northern Iowa at which 
various aquatic macroinvertebrate taxa were found in sweep net samples during the 
early sampling period (23 May-9 June), 1990. Comparisons were made using 
Fisher's exact test. 
Taxon 
Class Pelecypoda (clams) 
Class Gastropoda (snails) 
Order Basommatophera 
Physidae*** 
Planorbidae (orb snails) 
Lymnaidae (pond snails) 
Class Oligochaeta (aquatic earthworms) 
Class Hirudinea (leeches) 
Erpopdellidae 
Unidentified Hirudinea 
Class Arachnoidea 
Order Araneae (spiders) 
Order Acari 
Suborder Trombidiformes (water mites) 
Class Crustacea 
Order Ostracoda (seed shrimps)*** 
Order Conchostraca (clam shrimps) 
Order Anostraca (fairy shrimps) 
Order Cladocera 
Daphnidae (water fleas) 
Daphnia pulex 
Order Amphipoda (scuds) 
Order Isopoda (sowbugs) 
Asellidae*' 
Order Decapoda (crayfish) 
Astacidae (Orconectes immunis) 
Class Insecta 
Order Collembola (springtails) 
Sminthuridae 
Isotomatidae 
Unidentified Collembola 
Order Ephemeroptera (mayflies) 
Caenidae 
Baetidae 
Leptophlebiidae 
Order Odonata 
Suborder Anisoptera (dragonflies) 
Aeshnidae 
Libellulidae* 
* p= 0.05 
** 0.05> P> 0.01 
*** P< 0.01 
Natural (n=8) Restored (n=9) 
No. % No.· % 
1 12.5 0 0 
7 87.5 0 0 
8 100 7 78 
7 87.5 4 44 
4 50 2 22 
1 12.5 0 0 
1 12.5 I 11 
4 50 6 67 
3 37.5 3 33 
8 100 '1 22 "-
5 62.5 2 22 
1 12.5 0 0 
6 75 8 89 
1 12.5 2 22 
5 62.5 11 
3 37.5 0 0 
2 25 0 0 
2 25 0 0 
0 0 2 22 
0 0 1 11 
5 62.5 4 44 
1 12.5 0 0 
1 12.5 2 22 
7 87.5 3 33 
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Table 2. (cont.) 
Natural (n=8) Restored (n=9) 
Taxon No. % No. % 
Suborder Zygoptera (damselflies) 
Coenagrionidae I 12.5 0 0 
Lestidae 8 100 7 78 
Order Hemiptera (true bugs) 
Notonectidae** 0 0 5 56 
Corixidae 5 62.5 6 67 
Belostornatidae 1 12.5 0 0 
Pleidae 0 0 1 11 
Hebridae 0 0 1 11 
Cicadellidae 3 37.5 0 0 
Order Coleoptera (beetles) 
Hydrophilidae-adult 4 50 6 67 
H ydrophilidae-larvae 6 75 8 89 
Dytisci dae-adult 1 12.5 0 0 
Dytiscidae-larvae 7 87.5 6 67 
Curculionidae-adult 4 50 3 33 
Haliplidae-adult 0 0 1 11 
Haliplidae-larvae 1 .12.5 1 11 
Helodidae 1 12.5 0 0 
H ydroscaphidae 0 0 1 11 
Dryopidae 0 0 1 11 
Lampyridae 1 12.5 0 0 
Staphylinidae 2 25 1 11 
Heteroceridae 1 12.5 0 0 
Order Lepidoptera (caterpillars) 
Pyralidae 1 12.5 1 11 
Cosmoterigidae 0 0 1 11 
Order Trichoptera (caddis flies) 
Limnephilidae 0 0 2 22 
Unidentified Trichoptera 0 0 4 44 
Order Diptera (two-winged flies) 
Chironornidae-larvae or pupae 8 100 9 100 
Chironomidae-adult 2 25 2 22 
Stratiomyidae 8 100 5 56 
Culicidae-adult 3 37.5 1 11 
Culicidae-pupa 8 100 8 89 
Culicidae-larva 8 100 9 100 
Ephydridae-Iarvae 2 25 3 33 
Ephydridae-pupa 1 12.5 3 33 
Sciomyzidae 2 25 2 22 
Tipulidae I 12.5 2 22 
Tabanidae 1 12.5 1 11 
Syrphidae 2 25 0 0 
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Table 3. Numbers and percentages of natural and restored wetlands in northern Iowa at which 
various aquatic macroinvertebrate taxa were found in sweep net samples during the 
late sampling period (25 June-16 July) -1990. Comparisons of contingency tables 
were done usin~ Fisher's exact test. 
Taxon 
Class Pelecypoda (clams) 
Pisidiidae 
Class Gastropoda (snails) 
Order Basommatophera 
Physidae* 
Planorbidae (orb snails) 
Lymnaeidae (pond snails) 
Hydrobiidae 
Gass Oligochaeta (aquatic earthworms) 
Class Hirudinea (leeches) 
Glossiphoniidae 
Erpopdellidae 
Class Arachnoidea 
Order Araneae (spiders) 
Order Acari 
Suborder Trombidiformes (water mites) 
Class Crustacea 
Order Ostracoda (seed shrimps) 
Order Conchostraca (clam shrimps)** 
Order Cladocera 
Daphnidae (water fleas) 
Daphnia pulex 
Order Amphipoda (scuds)** 
Order Isopoda 
Asellidae (aquatic sowbugs)** 
Order Decapoda (crayfish) 
Astacidae* 
Order Insecta 
Order Collembola (springtails) 
Paduridae 
Sminthuridae 
Unidentified Collembola 
Order Ephemeroptera (mayflies) 
Caenidae 
Baetidae** 
Order Odonata 
Suborder Anisoptera (dragonflies) 
Aeshnidae 
Libellulidae 
* P=O.05 
** P<O.05 
Natural (n=7) 
No. % 
1 14 
6 86 
7 100 
6 86 
1 14 
5 71 
0 0 
2 29 
3 43 
2 29 
5 71 
5 71 
6 86 
0 0 
5 71 
3 43 
1 14 
1 14 
1 14 
3 43 
3 43 
6 86 
5 71 
Restored (n= 11 ) 
No. % 
0 0 
3 27 
10 91 
5 45 
0 0 
3 27 
1 9 
1 9 
2 18 
7 64 
3 27 
2 18 
10 91 
6 55 
2 18 
0 0 
0 0 
0 0 
0 0 
5 45 
10 91 
7 64 
6 55 
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Table 3. (cont.) 
Natural (n=7) Restored (n=ll) 
Taxon No. % No. % 
Order Diptera (cont) 
Eph ydridae-larvae 2 29 4 36 
Ephydridae-pupa 0 0 1 9 
Ephydridae-Adult 0 0 1 9 
Sciomyzidae 1 14 0 0 
Empididae 1 14 2 18 
Dixidae 0 0 2 18 
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Table 4. Taxa present at a significantly greater proportion of either early or late samples from 
wetlands sampled during both periods in 1990. Comparisons were made using 
Fisher's exact test. 
Wetland Type and Taxon Early Perioda Late Periodh P 
Restored 
Dytiscidae-adults (diving beetles) 0/8 6/8 0.007 
Coenagrionidae-larvae (damselflies) 0/8 6/8 0.007 
Natural 
Culicidae-larvae or pupae (mosquitoes) 717 217 0.02 
Aeshnidae-Iarvae (dragonflies) In 617 0.03 
a 23 May-9 June 
b 25 June-16 July 
Table 5. The number of aquatic macroinvertebrate taxa sampled at restored and natural 
wetlands in 1989 and 1990 in northern Iowa. 
Year/Period 
1989 
1990 
* 
Early (23 May-9 June)* 
Late (25 June-16 July) 
P<O.05. Mann-Whitney U Test. 
Restored 
16.8 
14.4 
19.3 
n Natural n 
6 22.5 5 
9 20.4 8 
11 22.7 7 
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(Table 5). The number of taxa was not significantly different between wetland types in 
1989 or during the late period in 1990 (Table 5). 
In 1990, the number of taxa found in restored wetlands increased between periods 
(><early=14.8, Xlate=19.4, P=O.04), whereas there was no apparent seasonal increase at 
natural wetlands 6<early=21.1, Xlate=22.7, P=O.55). The latter comparisons include only 
data from wetlands sampled during both periods (8 restored and 7 natural). 
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DISCUSSION 
My results support the view that a variety of aquatic invertebrate taxa colonize restored 
wetlands as soon as 2 years after restoration. My study is apparently the first to compare 
the invertebrate communities of restored and natural wetlands in the Prairie Pothole Region, 
and suggests that some taxa are relatively poor colonizers of recently restored wetlands. 
Non-insects 
Of the 6 taxa found at a greater proportion of natural wetlands than restored wetlands, 4 
are non-insects. This is not surprising given the dispersal advantages granted by insect 
flight. (Springtails [Collembola] were the only flightless insects I encountered). Barnes 
(1983) found 96% of the local aquatic insect species in artificial ponds 15 years after their 
creation in southern England, but only 65% of the local non-insect species. Layton and -f\ 
Voshell (1991) studied the colonization of experimental ponds in Virginia over I year and 
found that the early colonizers were also the most abundant, and that 18 of the first 19 
colonizing taxa were insects. 
The poor dispersal abilities of clam shrimps, seed shrimps, isopods, and crayfish were 
probably the main factors limiting their occurrence at restored wetlands. (Although physid 
snails were found in a greater proportion of natural wetlands during both periods in 1990, 
this must be interpreted with caution because of the disintegration of some snail shells prior 
to identification in 1990 [see above)). Non-insects rely predominantly on passive means, 
like clinging to waterfowl (Swanson 1984) to disperse. Tack (1941) reported overland 
migration of the crayfish, Orconectes immunis (the species found in the natural wetlands), 
but such dispersal probably only allows colonization of nearby wetlands. 
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The 2 other studies of invertebrate communities in restored prairie potholes seem to 
corroborate my findings. Sewell (1989) used activity traps and baited minnow traps to 
sample invertebrates at 1-6 year-old restored wetlands (6 wetlands/age class). Of the 4 
non-insect taxa mentioned above, he found only crayfish in the 2- or 3-year-old wetlands 
he studied, and this in only 1 of2 years (although he did fmd crayfish in 21-year-old 
sites). Sewell found clam shrimps in ~1 l-year-old wetland (the exact number was not 
clear), but none in the 30 2-6 year-old restored wetlands he sampled in either year of his 
study. Neither LaGrange and Dinsmore (1989) nor Sewell (1989) reported finding 
isopods or ostracods. LaGrange and Dinsmore (1989) found crayfish at 1 of 3 restored 
wetlands in Story County, Iowa. 
c..\ Despite their obvious dispersal limitations, some non-insects routinely colonize restored 
wetlands. Amphipods, water fleas (Daphnia pulex), planorbid snails, water mites, and 
spiders (Araneae) were all found at >50% ofthe restored wetlands during ~1 of the 3 
sampling periods (i.e,l in 1989 and 2 in 1990). In fact, during the late period in 1990, 
amphipods were found at a greater proportion of restored than natural wetlands (Table 3). 
\; I This is probably due to 2 factors. First, several workers have observed amphipods 
clinging to ducks, a practice which may facilitate their introduction into wetlands (Swanson 
1984). Two of the 6 restored wetlands at which I found amphipods in 1990 had average 
duck counts 2 and 4 times greater than the overall average of restored and natural wetlands. 
Second, amphipods have no means to survive desiccation (e.g., resistant eggs), and thus 
must annually re-colonize semi-permanent and seasonal wetlands from permanent water 
bodies. Of the other 4 restored wetlands at which I found amphipods in 1990, 1 (R-I) was 
the only study site to retain some water during the previous winter, 2 were < 150 m from R-
1, and 1 was about 250 m from another permanent wetland. However, 4 natural wetlands 
at which no amphipods were found were also less than 250 m from permanent wetlands. 
69 
Other factors, therefore, may also have played a role in the greater occurrence of scuds at 
restored wetlands. The 2 species of amphipods found in the Upper Midwest, Hyallela 
azteca and Gammarus lacustris (Huggins et aI. 1981), apparently have relatively wide water 
chemistry tolerances, but require high levels of dissolved oxygen (Pennak. 1989). Sewell 
(1989) found amphipods in every age of restored wetland he studied. 
Insects 
Differences in the relative frequencies of occurrence of various insect families are more 
difficult to explain. Aquatic weevils (Curculionidae) feed on live macrophytes (White et al. 
1984) and presumably could be limited by the amount of live vegetation present at a 
wetland. Five restored wetlands which apparently lacked weevils, however, had 2-8 times 
as much emergent vegetation and at least as much submergent vegetation as the 1 wetland at 
which weevils were found in 1990 (L. Hemesath, unpubl. data). Therefore, the greater 
occurrence of weevils at natural wetlands during the late period in 1990 is probably due to a 
factor other than insufficient live vegetation. 
Both mayfly nymphs (Callibaetis, Baetidae) and back-swimmers (Notonectidae) were 
present in a significantly greater proportion of samples from restored wetlands during the 
early period in 1990. The presence of Callibaetis in a high proportion of restored wetlands 
should not be surprising; members of this genus are especially well adapted for wide 
dispersal and for exploiting temporary water bodies (Wiggins et aI. 1980). However, there 
is no apparent reason why they or backswimmers would be more common among restored 
than natural wetlands. 
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Importance to wetland birds 
My results (Section I) and those of others (Dornfield 1988, Zenner et al. 1990) suggest 
that there is little or no difference in the use of restored and natural prairie wetlands by 
breeding waterfowl despite the absence of some invertebrate taxa from most restored 
wetlands. This may be due to 3 factors: (1) other habitat features important to breeding 
ducks (e.g., upland nesting cover, proximity to other wetlands) influence habitat selection 
(Swanson and Duebbert 1989); (2) the "missing" invertebrate taxa are not critical dietary 
components for laying hens and juveniles; and (3) events not directly related to habitat 
quality (e.g., competition, crowding) hinder the selection of wetlands by breeding ducks 
(Mulhern et al. 1985). 
Several taxa which are commonly consumed on prairie wetlands by laying dabbling -1\' 
ducks (based on studies done on prairie wetlands in North Dakota) readily colonized 
restored wetlands. High amounts of c1adocerans (water fleas) are consumed by laying 
northern shovelers (Anas c1ypeata) (33% of esophogeal contents by volume, Swanson et 
al. 1979), mallards (11 %, Swanson et al. 1985), and gadwalls (A. strepera) (10%, 
Swanson et al. 1979). Cladocerans, specifically Daphnia magna, were found at 67% and 
91 % of the restored wetlands in 1989 and 1990, respectively. Orb snails (Planorbidae), 
which constitute about 12 % of the diet of laying northern shovelers (Swanson et al. 1979) 
were found in al16 restored wetlands in 1989, and in 10 of 11 during the late period in 
1990. Midge larvae (Chironomidae) are important components of the diets of laying blue-
winged teal (19-46%, Swanson and Meyer 1977), gadwalls (17%, Swanson et al. 1979), 
and pintails (An as acuta) (20%, Krapu 1974), and were present at every restored wetland 
in all 3 sampling periods (Tables 1-3). Swanson et al. (1979) found that midge larvae, 
caddis fly larvae (Trichoptera), dragonflies (Odonata), damselflies (Odonata), predaceous 
diving beetles (Dytiscidae), water boatmen (Corixidae), and mosquito larvae were the 
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aquatic insects most commonly consumed by laying dabbling ducks on prairie wetlands in 
North Dakota. Of these, only caddis fly larvae were not found at a high proportion (i.e., 
50-100%) of the restored wetlands I studied (Tables 1-3). This does not necessarily 
indicate a poor response to restored wetlands, however, because caddis fly larvae also were 
found at few natural wetlands (Tables 1-3). 
Of the taxa found at proportionally fewer restored wetlands than natural wetlands in 
either year, only clam shrimps commonly constitute >5% of the diet (by volume) of laying 
dabbling ducks in the prairie pothole region. Based on the mean percentages (by volume) 
of esophogeal contents, clam shrimps composed 5.7% of the diet of breeding blue-winged 
teal in shallow-marsh zones (Swanson and Duebbert 1989),9% (Swanson et a1. 1979) and 
2.9-9.8% (depending on month) of laying mallards' diets (Swanson et ale 1985), and 14% 
of laying gadwalls' diets (Swanson et ale 1979). The amount of clam shrimps in the diets 
of laying dabbling ducks varies among species, wetland types (e.g., greater in seasonal 
wetlands, Swanson et ale 1985), zones within wetlands (Swanson and Duebbert 1989), 
and months of the breeding season (Swanson et ale 1985). 
~ Relative to waterfowl, tp.~Jeeding ecology of non-waterfowl species on prairie ,.}'\. , 
wetlands is poorly understood. Larval dipterans, especially chironomids, and adult and 
larval beetles apparently constitute most of the diets of several migrating shorebird species 
on prairie wetlands (Eldridge 1987, Hauge 1987, Helmers et ale 1990). These taxa were 
among those most frequently found at the restored wetlands (Tables 1-3). Adult odonates 
composed> 10% (by volume) of the diets of both soras and Virginia rails in northwestern 
Iowa, and larval dipterans and adult beetles (Hydrophilidae) were also important foods of 
Virginia rails (Horak 1970). In addition, crayfish, although they were consumed by only 
5% of the Virginia rails sampled, accounted for an average of9% of all foods by volume 
(Horak 1970). 
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CONCLUSIONS AND RECOMMENDATIONS 
My results indicate that several aquatic invertebrate taxa consumed in significant 
amounts on prairie wetlands by breeding waterfowl and other birds are present in most or 
all restored wetlands 2-3 years after restoration. Some taxa colonized restored wetlands 
slowly, possibly reducing the variety of invertebrates available to some species of birds 
compared to natural wetlands. However, during the 2 years of my study at least 50% of 
northern Iowa's wetlands were dry (Zenner et al. 1990). This decreased the frequency of 
wetland "sources" of dispersing invertebrates relative to years with greater precipitation, 
and may have slowed the recolonization of the wetlands by some taxa. 
I suggest that wetland managers consider stocking poor colonizers (e:g., crayfish and 
clam shrimps) into restored wetlands. Stocking may be facilitated by filling restored 
wetlands with water from nearby wetlands or ditches. This water may contain adults, 
larvae, or disseminules (e.g., eggs) of some of the desired taxa. It would probably take 
few crayfish (i.e., about 25) to establish a population in most restored wetlands. and 
crayfish captured incidentally by state workers while seining minnows in northwestern 
Iowa could provide a convenient supply of animals (G. Phillips, pers. comm.). 
Consideration must be given, however, to how such stocking would affect the wetland 
ecosystem, and to the goals of restoration. Crayfish, for example, may indirectly or 
directly alter a wetland's macroinvertebrate (Hanson et al. 1990) and macrophyte 
(Chambers et al. 1990) communities. Quantitative studies of experimentally stocked 
restored wetlands in comparison to un stocked wetlands would help assess the feasibility of 
this practice. 
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GENERAL SUMMARY AND DISCUSSION 
The recent increase in prairie wetland restoration, and our increasing comprehension of 
the biotic recovery of restored wetlands is encouraging to those hoping to reverse the 
history of prairie wetland depletion. My study confirms others' findings; restored prairie 
potholes recover many of the plant and animal taxa typical of northern prairie wetlands 2-3 
years after restoration (LaGrange and Dinsmore 1989, Sewell 1989). However, their 
breeding bird and aquatic macroinvertebrate communities differ somewhat from those of 
natural wetlands; thus they are not truly "restored." 
Some bird species and aquatic macroinvertebrate taxa, notably songbirds and non-
insects, respectively, were at relatively few (e.g., common yellow throat, Geothlypis 
trichas) or no (e.g., crayfish) restored wetlands. Presumedly, the relatively simple 
vegetative structure and, for some species, interspecific territoriality, limit the number of 
breeding bird species at 2-3 year-old restored wetlands, whereas poor dispersal abilities 
probably account for the absence or low occurrence of some aquatic macroinvertebrate taxa 
at those wetlands. 
The biotic recovery exhibited by the restored wetlands I studied, 2-3 years after 
restoration, may have been sufficient to deem them successful. Unfortunately, clear criteria 
for such determinations often do not exist. Nevertheless, it is clear that more than 3 years 
are required for full biotic recovery (i.e., true restoration) of formerly drained and 
cultivated Iowa prairie wetlands under the conditions prevailing during my study. 
My study suggests several directions for future research. First, the use of restored 
wetlands by migrating shorebirds warrants closer examination. In addition, intensive 
studies of the re-colonization of restored wetlands by aquatic invertebrates, including 
frequent sampling immediately after the initial inundation and experimental stocking, could 
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further clarify this colonization process and help guide post-restoration management. 
Finally, prairie wetland restoration seems to have special value for the study of landscape 
ecology concepts because of the island-like nature of restored wetlands and the large 
number of wetlands with relatively uniform restoration histories. 
Despite the differences between restored and natural wetlands that I found in my study, 
it seems clear that prairie wetland restoration has potential for enhancing the biological 
diversity in landscapes which have lost native wetlands (e.g., Bishop 1981). This practice, 
however, is still relatively new (e.g., Madsen 1988), and continued study of the biotic 
recovery of restored wetlands and of restoration techniques will be useful to managers 
involved in wetland acquisition and restoration. The expression of clear goals would 
greatly facilitate the evaluation of restoration projects. Without such clear statements 
natural wetlands seem to be the only suitable standards for determining the "success" of 
restorations. 
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APPENDIX A. LOCATIONS, AREAS (HA), AND RESTORATION AND DRAINAGE 
HISTORIES OF WETLAND STUDY AREAS IN NORTHERN IOWA, 
1989 AND 1990. a 
Years 
Restomtion Drained 
Date Prior to 
Wetland COlmn: Legal DescriEtion Area ~Mo.-Da~-Yr.~ Restor. 
R-lb Palo Alto S 14(SWl/4).T97N.R34W 3.1 6-15-87 40 
R-2 Emmet S24(NEl/4).T98N.R34W 2.6 9-9-87 49 
R-3 Emmet S36(NlI2,SW1I4),T98N.R34W 1.2 10-2-87 50 
R-4 Emmet S7(NE1I4).T99N,R34W 2.0 10-5-87 ~18 
R-5 Cerro Gordo S7.T97N.R22W 3.3 10-21-87 20 
R-6 Emmet S36(NlI2,SW1I4).T98N,R34W 1.5 10-2-87 50 
R-7 Emmet S 11(EIIZ.SE1I4)T98N.R34W 1.6 9-9-87 25 
R-8 Dickinson S l3.Tl OON.R37W 1.9 7-21-88 22 
R-9 Dickinson S 13,TlOON,R37W 3.9 4-14-88 22 
R-lO Palo Alto S31.T97N.R33W 2.6 6-24-88 52 
R-ll Palo Alto S 14.T97N.R34W 0.9 6-15-87 40 
N-lc Dickinson S 12(SE1I4).S 12.TlOON.R37W 2.0 NAd NA 
N-2 Dickinson S24(NE1I4 ),T99N .R36W 2.0 NA NA 
N-3 Palo Alto S36(El!2)T97N.R34W 1.2 NA NA· 
N-4 Cerro Gordo S8CWll2).T97N.R22W 3.0 NA NA 
N-5 Palo Alto S30(W112).T96N.R34W 1.3 NA NA 
N-6 Palo Alto S34,T97N ,R34W 4.3 NA NA 
N-7e Palo Alto S28(Wll2),T97N.R34W 10.6 NA NA 
N-8 Winneba~o S20CSll2).TlOON.R24W 1.5 NA NA 
a Information obtained from interviews with landowners and Iowa Dep. of Nat. Resour. personnel. 
b R=Restored Wetland. 
c N=Natural Wetland 
d NA=not applicable. 
e Only used for invertebmte sampling. 
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APPENDIX B. SCIENTIFIC NAMES OF BIRDS NOT GIVEN IN TEXT OR TABLES. 
Common Name 
gadwall 
redhead 
ruddvduck 
ring-'necked pheasant 
black-crowned night heron 
great egret 
great blue heron 
green-backed heron 
American bittern 
least bittern 
killdeer 
lesser yellowlegs 
pectoral sandpiper 
long-billed dowitcher 
Wilson's phalarope 
ring-billed gull 
Forster's tern 
black-billed cuckoo 
chimney swift 
belted kingfisher 
Eastern kingbird 
willow flycatcher 
barn swallow 
cliff swallow 
tree swallow 
American robin 
yellow warbler 
yellow-rumped warbler 
common grackle 
Northern oriole 
savannah sparrow 
song sparrow 
grasshopper sparrow 
Scientific Name 
Anas strepera 
Aythya americana 
Oxyura jamaicensis 
Phasianus colchicus 
Nycticorax nycticorax 
Casmerodius albus 
Ardea herodias 
Butorides striatus 
Botaurus lentiginosus 
Ixobrychus exilis 
Charadrius vociferus 
Tringa flavipes 
Calidris melanotos 
Limnodromus scolopaceus 
Phalaropus tricolor 
Larus delawarensis 
Sterna forsteri 
Coccyzus erythropthalmus 
Chaetura pelagica 
Ceryle alcyon 
Tyrannus tyrannus 
Empidonax traillii 
Hirundo rustica 
Hirundo pyrrhonota 
Tachycineta bicolor 
Turdus migratorius 
Dendroica petechia 
Dendroica coronata 
Ouiscalus quiscula 
Icterus galbula 
Passerculus sandwichensis 
Melospiza melodia 
Ammodramus savannarum 
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APPENDIX C. WATERFOWL BROODS OBSERVED DURING BIRD SAMPLING AT RESTORED 
WETLANDS IN 1990. 
Wetland Date Species # in brood Age Clas..,.a 
R-I 18 June Malian! ? ? 
R-3 4 June Malian! 9 .) 
11 July Blue-winged teal 9 IIB 
5 IIA 
II lIB 
7 ITB 
16 July 9 IIA 
9 lIA 
R-7 7 June Malian! 5 IC 
2 July Blue-winged teal 8 lA 
Wood duck 11 IC 
R-9 22 May Malian! II ? 
6 June Canada goose 5 .) 
4 July Blue-winged teal II IA 
8 IA 
13 July 8 .) 
5 lIB 
R-lO 18 June Mallanl .) .) 
27 June Blue-winged teal 6 ? 
14July Malian! 5 III 
Blue-winged teal 5 lIB 
a After Bellrose 1980:27. 
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APPENDIX D. SUMMARY OF BREEDING BIRD COMMUNITIES AT RESTORED 
AND NATURAL WETLANDS IN 1989. 
Species/W etland N-l N-2 N-3 N-4 R-l R-2 R-3 R-4 R-5 R-6 R-7 
Canada goose X 
mallard X X X X X X X X X 
blue-winged teal X X X X X X X X X 
wood duck X X 
Virginia rail X 
American coot X 
marsh wren X X 
common yellowthroat X X X X X 
yellow-headed blackbird X X X X X 
red-winged blackbird X X X X X X X X X X X 
brown-headed cowbird X X X 
swamp sparrow X X X X X 
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